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Description 

[0001] Amplifiers used in multi-channel applications, 
such as cellular radio and Personal Communication 
System (PCS) transceivers, typically produce output 
signals having desired signals and undesirable inter- 
modulation products created by the amplifiers. White the 
intennodutation products may be at a very low level rel- 
ative to the desired signals, the level of intermoduiation 
products may be high enough to impair transmission or 
exceed some acceptable threshold or standard. The 
level of the intermoduiation product created by the am- 
plifiers is determined, in part, by the characteristics of 
the amplifiers, which Is dependent on a variety of pa- 
rameters, such as temperature, supply voltage, signal 
level, age, etc. 

[0002] To reduce the level of the intermoduiation prod- 
ucts (I.e., linearize), the amplifier can be incorporated 
into a circuit having a linearizer. Various llnearizers may 
be employed to linearize the amplifiers. Such llnearizers 
incorporate well-known linearization techniques, such 
as feedforward, feedbacl<, pre-distortion and post-dis- 
tortion. Linearizing an amplifier involves adjusting the 
llnearizers to match or track the characteristics of the 
amplifier being linearized. 

[0003] Adjusting the linearizers to match or track the 
characteristics of the amplifier is relatively straightfor- 
ward under static conditions, e.g., constant tempera- 
ture, supply voltage, signal level, etc., as Is well known 
in the art. Under non-static conditions, however, adjust- 
ing the linearizer to match or track the characteristics of 
the amplifier Is more complex. Each time a parameter 
affecting the characteristics of the amplifier changes, 
the linearizer would need to be adjusted to compensate. 
[0004] There are two fundamentally different ap- 
proaches to adjusting linearizers to compensate for non- 
static conditions: open-loop and closed-loop control or 
compensation. Open-loop control involves measuring 
changes in the parameters affecting the characteristics 
of the amplifier (e.g., temperature), and using the meas- 
ured parameter changes to adjust the linearizer to 
match or track the characteristics of the amplifier. The 
effectiveness of open-loop control depends upon how 
well the amplifier can be characterized (with respect to 
the parameters which affect the characteristics of the 
amplifier) and the range over which parameters can 
vary. For cellular radio and PCS transmitters, the effec- 
tiveness of open-loop control is generally Inadequate 
because amplifier characteristics change with channel 
loading (i.e., number of carriers) and time. 
[0005] Closed-loop control involves measuring the ef- 
fects of changes in the parameters affecting the charac- 
teristics of the amplifier, and using the measured effects 
to adaptively adjust the linearizer to match or track the 
characteristics of the amplifiers. For multi-channel ap- 
plications (e.g., cellular radio and PCS transceivers), the 
signal levels of the intemnodulation products are meas- 
ured to indicate the effects of the parameter changes. 



The intermoduiation products may be measured rela- 
tively easy using spectrum analyzers. However, spec- 
trum analyzers are, in most cases, prohibitively expen- 
sive. Another manner of measuring the Intermoduiation 
5 products Involves using less expensive hardware asso- 
ciated with linearizers, such as pilot tone generators and 
receivers. 

[0006] Measuring the intermoduiation products using 
the pilottone generators and receivers involves Injecting 

10 pilot tones (using the pilot tone generators) into various 
points of the circuit (comprising the linearizer and the 
amplifier) to effectively simulate the Intermoduiation 
products. The signal levels of the pilot tones are then 
measured at the output of the circuit using the pilot tone 

15 receivers. The signal levels of the pilot tones at the out- 
put will provide an indication of the levels of the inter- 
moduiation products, which can be used to adaptively 
adjust the linearizer to match or track the characteristics 
of the amplifier. 

20 [0007] Although the pilot tone generators and receiv- 
ers are relatively inexpensive compared to the spectrum 
analyzers, the pilot tone generators and receivers do in- 
volve extra cost to the circuit. In addition, the pilot tone 
generators and receivers have associated periormance 

25 problems. First, it is not always obvious where to inject 
the pilot tones. The pilot tones should be injected where 
they will not interfere with the desired signals, and the 
pilot tones should be injected at points that will yield per- 
formance representative for the entire frequency band. 

30 Second, the pilot tones should be reduced to levels at 
the output (of the circuit) commensurate to those of the 
Intermoduiation products. This means that the levels of 
the pilot tones cannot be arbitrarily high, and may mean 
that the pilot tone receivers will have to be correspond- 

35 ingly more sophisticated to cancel the pilot tones at the 
output. 

[0008] Accordingly, there exists a need for linearizing 
amplifiers by measuring the intermoduiation products at 
the output of the linearized amplifier using minimum ad- 
40 ditional hardware without the performance problems as- 
sociated with pilot tones. 

[0009] EP-A-0 367,458 discloses a distortion com- 
pensation circuit that removes intermoduiation distor- 
tion by scanning a frequency band to detect a frequency 

^5 at which there is no signal except noise, and adjusting 
the parameters of an amplitude and phase adjuster to 
minimize the intemnodulation product signal. 
[0010] According to this invention there is provided a 
method as claimed in claim 1 . 

50 [0011] A method for linearizing amplifiers measures 
the intennodulation products at the output of the linear- 
ized amplifier using minimum additional hardware with- 
out the perfonnance problems associated with pilot 
tones. In one embodiment, the amplifiers are adaptively 

55 linearized using perfomiance monitoring radios. Specif- 
ically, the perfonnance monitoring radios are used to 
measure the signal levels of the intermoduiation prod- 
ucts in unused communication channels. Such meas- 
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urements are then used to adaptively linearize the am- 
plifiers and reduce the levels of intermodulatlon prod- 
ucts. Advantageously, this embodiment (1) provides a 
direct manner for measuring the Intermodulation prod- 
ucts since no other signals are being transmitted over 
the unused communication channels, and (2) involves 
no additional cost to wireless communication systems 
since perfonnance monitoring radios are typically stand- 
ard equipment in the wireless communication systems. 

Brief Description Of The Drawings 

[0012] The features, aspects, and advantages of the 
present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings where: 

FIG. 1 depicts a wireless communication system; 
and 

FIG. 2 depicts a schematic diagram of one possible 
cellular radio or PCS transceiver equipped with an 
amplifier linearization device. 

Detailed Description 

[0013] FIG. 1 shows a wireless communication 10. 
[001 4] Wireless communication system 1 0 comprises 
a mobile switching center (MSG) 12 and base stations 
1 4, 1 6, 1 8, Each of the base stations 1 4, 1 6, 1 8 are con- 
nected via Tl lines 22, 24, 26 to MSG 12, which is con- 
nected to a public switching telephone network (PSTN) 
28. Base stations 14, 16, 18 provide wireless communi- 
cation services to mobile-telephones within geographic 
coverage areas referred to as celts 34, 36, 38. Associ- 
ated with each of the base stations 14, 16, 18 are sets 
of communication channels for communicating voice 
and/or data messages to and from mobile-telephones 
within the geographic coverage areas, wherein the com- 
munication channels have associated frequencies. 
MSC 12 is operable to connect mobile-telephones to 
PSTN 28 via base stations 14, 16, 18, and to manage 
the resources of base stations 14, 16, 18 including as- 
signing and unasslgning the communication channels 
belonging to base stations 14, 16, 18. In order to assign 
and unassign communication channels, MSG 12 should 
have a priori knowledge or be operable to determine 
whether a communication channel is currently assigned 
to or used by one or more mobile-telephones. Alternate- 
ly, base stations 14, 16, 18 should be operable to man- 
age its own resources. 

[0015] Each of the base stations 14, 16, 18 are 
equipped with cellular radio and/or Personal Communi- 
cation System (PCS) transceivers 40, 42, 44 having per- 
fonnance monitoring radios, amplifiers and linearizers, 
all of which are well-known in the art. The perfonnance 
monitoring radios being operable to receive and demod- 
ulate signals and to measure signal strength on a per 



communication channel basis; the amplifiers being op- 
erable to amplify the desired signals; and the linearizers 
being operable to linearize the amplifiers. The perform- 
ance monitoring radios will have channel bandwidths 

5 corresponding to the standard in use, i.e., 30 kHz for IS- 
136 or 1 .25 MHz for IS-95. The perfonnance monitoring 
radios are utilized by the present invention to measure 
the signal level of the intermodulation products for pur- 
poses of tracking the characteristics and enhancing the 

10 linearization of the amplifiers, as will be described here- 
in. 

[0016] When signals are to be transmitted by one of 
the base stations 1 4, 1 6, 1 8, the signals are first ampli- 
fied by the cellular radio/PGS transceivers 40, 42, 44. 

IS Amplification of the signals may create intemriodulation 
products that will impair transmission or exceed some 
acceptable threshold or standard. Whether or not such 
intennodulatlon products are present depend on the fre- 
quencies of the signals. If these intermodulation prod- 

20 ucts are present, the level of the intermodulation prod- 
ucts are reduced using the linearizers and performance 
monitoring radios. Specifically, the present invention uti- 
lizes the perfonnance monitoring radios to measure the 
levels of the intermodulation products falling on unused 

25 communication channels, and the linearizers to adap- 
tively reduce the level of the measured intenrnbdulation 
products. 

[0017] The performance monitoring radios are used 
to measure the levels of the intennodulation products 
30 falling on unused communication channels (i.e., com- 
munication channels over which none of the amplified 
signals will be transmitted). Since the communication 
channels over which the signals are being transmitted 
are known, then the frequencies associated with such 
35 communication channels are also known. Based on 
these known frequencies, it is possible to calculate the 
frequencies at which the intermodulation products will 
fall or be created, as is well-known in the art. For exam- 
ple, for two signals: one at F, and the other at Fg, a third- 
40 order nonlinearity will produce intermodulation products 
at 2F^-?2 2^2'^1- For three signals: one at F1 , one 
at F2, and the other one at F3, the intemriodulation prod- 
ucts will fall at Fi-»-F2-F3, Fi-i-F3-F2, etc. Therefore, given 
the knowledge of the frequencies of the signals and 
45 whether a communication channel is currently assigned 
or used, as mentioned earfier, it Is possible to determine 
1 ) the frequencies at which the intermodulation products 
will fall, and 2) whetherthose frequencies fall on unused 
communications channels where the level of the inter- 
so modulation products can be measured directly. Such in- 
formation allows the perfonnance monitoring radios to 
be tuned to unused communication channels where the 
intermodulation products are present and measure the 
corresponding signal levels. Adaptive means can then 
55 be used to adjust the linearizer to reduce the level of the 
intermodulation products falling on the unused commu- 
nication channels. 

[0018] Note that the intermodulation products falling 
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on used communication channels are not being meas- 
ured and used for adaptively adjusting the linearizer. 
The reason being because other signals are also 
present on those communication channels (e.g., voice 
and/or data traffic being transmitted between mobile-tel* 5 
ephones and base stations). Thus, the signal levels of 
the intemnodulation products falling on used communi- 
cation channels cannot be measured directly by the per- 
fomnance monitoring radios. By contrast, the intemnod- 
ulation products falling on the unused communication 
channels can be measured directly by the perfomriance 
monitoring radios because only the intennodulation 
products should be present on those communication 
channels or frequencies. 

[0019] FIG. 2 illustrates a schematic diagram of one 
possible cellular radio/PCS transceiver 60 having an 
amplifier linearization device 62, As shown In FIG. 2, the 
amplifier linearization device 62 comprises an amplifier 
64, a perfonnance monitoring radio 66 and a linearizer, 
wherein the linearizer includes directional couplers 70, 
74, 84, gain and phase adjusters 72,78, delays 75, 81 , 
cancellation circuits 76,82, correction amplifier 80 and 
controller 86. In this example, controller 86 receives in- 
formation (from a base station or a mobile-switching 
center) Indicating which communication channels are 
used or unused. Based on this Infomiation and the fre- 
quencies of the signals, the controller 86 instmcts the 
performance monitoring radio 66 on which unused com- 
munication channels to measure signal levels for the in- 
termodulation products created by the signals. 
[0020] The perfonnance monitoring radio 66 will 
measure the signal levels of such Intemriodulatlon prod- 
ucts in the unused communication channels and relay 
these measurements to the controller 86. The controller 
86 will use the measurements from the performance 
monitoring radio 66 (and/or the output signal from the 
cancellation circuit 76) to adaptively control the gain and 
phase adjusters 72 and/or 78 to reduce the level of the 
intemiodulation products in the output of the feed-for- 
ward amplifier 62. Specifically, the gain and phase ad- 
justers 72 and/or 78 are adjusted to modify the ampli- 
tude and phase of signals entering them such that the 
signal level of the intermodulation products are reduced 
at the output of the amplifier linearization device 62. 
[0021] Note that when certain types of linearizers are 
adjusted, gain is affected as well as linearity. This is un- 
desirable since the goal is generally to reduce the levels 
of the Intemiodulation product levels without affecting 
the signal levels of the signals. If only the intermodula- 
tion product levels are measured, an adaptive system 
might result in the linearizer simply reducing the gain 
and hence output signal level of the system. Forth is rea- 
son, it is desirable to hold the output power of the system 
constant while adjusting the linearizer. This can be done 
by measuring the signal level of a signal with the per- 
formance monitoring radio, and adjusting the output ac- 
cordingly. Measurements of the signal power, intermod- 
ulation power, and their ratio will yield enough Infomia- 



6 

tion to correctly adjust the linearizer 
[0022] tf, for whatever reason, a performance moni- 
toring radio is not available, a simple radio could be add- 
ed to the linearized amplifier system to perform the func- 
tion of a performance monitoring radio. This would of 
course add to the cost, but at least the difficulties asso- 
ciated with pilot tones would be avoided. 



Claims 

1 . A method for adaptively controlling an amplifier lin- 
earization device (62) in multi-channel transceiver 
having a plurality of communications channels and 
different signalling frequencies assigned to each 
communication channel characterized by the 
steps of: 

calculating the frequencies of intemiodulation 
products in unused communication channels 
based on the association of assigned frequen- 
cies to the communication channels over which 
signals are transmitted; 
measuring signal levels of intermodulation 
products created in the unused communication 
channels; and, 

adjusting the amplifier linearization device us- 
ing the signal levels of the intermodulation 
products being measured. 

2. The method of claim 1 , wherein the step of calcu- 
lating frequencies of intermodulation products in 
unused communication channels comprises the 
step of: 

determining frequencies at which intermodula- 
tion products are created based on frequencies 
of signals assigned to the used communication 
channels. 

3. The method of claim 1 , wherein the signal levels of 
the intermodulation products are measured using 
performance monitoring radios (66), said perform- 
ance monitoring radios being operable to receive 
and demodulate signals and to measure a signal 
strength on a per communication channel basis. 

4. The method of claim 3 wherein the step of measur- 
ing comprises the step of turning the performance 
monitoring radios (66) to the unused communica- 
tion channels. 

5. The method of claim 1 wherein the step of adjusting 
the amplifier linearization device (62) comprises the 
step of adjusting gain and phase adjusters (72, 74) 
using the signal levels of the measured intermodu- 
lation products at the calculated frequencies of 
those products. 
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6. The method of claim 1 comprising the additional 
step of: 

receiving information indicating whether a com- 
munication channei is being used for signal 
transmission. 

7. A method as claimed in ciaim 1 , wherein the step 
of adjusting the amplifier linearization device (62) 
comprises the step of adjusting gain and phase ad- 
justers (72, 74) using the signal levels of the inter- 
modulation products being measured. 



Patentansprtiche 

1. Verfahren zum adaptlerenden Steuern einer Ver- 
starkerlinearisierungsvorrichtung (62) in einem 
Mehrkanal-Sendeempfanger mit mehreren Kom- 
munil<ationskanSlen und verschiedenen, jedem 
Kommunikationskanal zugewiesenen Signalgabe- 
frequenzen, gekennzeichnetdurch die folgenden 
Schrltte: 



tlonsiiberwachungs-Funkelnrichtungen (66) auf die 
ungenutzten Kommunlkatlonskanale belnhaltet. 

5. Verfahren nach Anspruch 1 , bei dem der Schritt des 
5 Einstellens der Verstarkeriinearisierungsvorrich- 

tung (62) den Schritt des Einstellens von Verstar- 
kungs- und Phasenelnsteliern (72, 74) unter Ver- 
wendung der Signalpegei gemessener Intermodu- 
lationsprodukte bei den berechneten Frequenzen 
10 dieser Produkte beinhaltet. 

6. Verfahren nach Anspruch 1 , mIt dem zusatzlichen 
Schritt des Empfangens von Information, die an- 
zeigt, ob ein Kommunikationskanal zur Stgnaluber- 

15 tragung genutzt wird. 

7. Verfahren nach Anspruch 1 , bei dem der Schritt des 
Einstellens der Verstarkeriinearisierungsvorrlch- 
tung (62) den Schritt des Einstellens von Verstar- 

20 kungs- und Phasenelnsteliern (72, 74) unter Ver- 
wendung der gemessenen Signalpegei von Inter- 
modutationsprodukten beinhaltet. 



Berechnen der Frequenzen von Intermodulati- 25 
onsproduken in nicht genutzten Kommunikati- 
onskanalen auf Gmndlage der Zuordnung zu- 
gewiesener Frequenzen zu den Kommunikati- 
onskanSlen, uber die Signale ubertragen wer- 
den; 50 
Messen von Signalpegein von In den ungenutz- 
ten Kommunikationskanalen erzeugten Inter- 
modulationsprodukten; und 
Einstellen der Verstari<erlinearisierungsvor- 
richtung unter Verwendung der gemessenen 35 
Signalpegei der I ntennodu lationsprodukte. 

2. Verfahren nach Anspruch 1 , bei dem der Schritt des 
Berechnens von Frequenzen von i ntennodu lations- 
produkten In ungenutzten Kommunikationskangien ^o 
den folgenden Schritt beinhaltet: 

Bestimmen der Frequenzen, bei denen die In- 
termodulatlonsprodukte erzeugt werden, auf 
Grundlage der Frequenzen von Signalen, die ^5 
den ungenutzten Kommunikationskanalen zu- 
gewiesen sind. 

3. Verfahren nach Anspruch 1 , bei dem die Signalpe- 
gei der Intermodulationsprodukte unter Verwen- so 
dung von Funktlonsuben/vachungs-Funkelnrichtun- 
gen (66) gemessen werden, die so betreibbarsind, 
dass sie Signale empfangen und demodulleren und 

die Signalstarke auf Basis eines Kommunikations- 
kanais messen. 55 

4. Verfahren nach Anspruch 3, bei dem der 
Messschritt den Schritt des Umschaltens der Funk- 



Revendlcations 

1 . Proc6d6 pour la commande adaptative d'un dlspo- 
sitif (62) de linearisation d'un ampiificateur dans un 
^metteur-r^cepteur h canaux multiples ayant une 
plurality de canaux de communications et diff^ren- 
tes frequences de signalisation affect6es a chaque 
canal de communication, caracterise par ies Sta- 
pes dans lesquelies : 

on calcule ies frequences de produits d'inter- 
modulation dans des canaux de communica- 
tions non utilises, sur la base de I'associatlon 
de frequences affect^es aux canaux de com- 
munications par lesquels des signaux sent 
transmis ; 

on mesure des niveaux de signaux de produits 
d'intermodulatlon cr66s dans Ies canaux de 
communications non utilises ; et 
on r&gle ie dispositif de linearisation d'amplifi- 
cateur en utiiisant Ies niveaux de signaux des 
produits d'intermodulatlon qui sont mesures. 

2. Proc6d6 selon la revendlcatlon 1 , dans lequel l'6ta- 
pe de calcul de frequences de produits d'intermo- 
dulatlon dans des canaux de communications non 
utilises comprend I'etape dans laquelie : 

on determine des frequences auxquelles des 
produits d'intermodulatlon sont crees sur la ba- 
se de frequences de signaux affectees aux ca- 
naux de communications utilises. 

3. Precede selon la revendication 1 , dans tequel Ies 
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niveaux de signaux des produits d'lntermodulation 
sent mesur^s en utilisant des radios de controle de 
performances (66), lesdites radios de controle de 
performances pouvant fonctionner de taqon k rece- 
votr et dSmoduler des signaux et k mesurer une in- 5 
tensity de signal sur une base par canal de commu- 
nication. 

4. Proc6d6 selon 1 a revendication 3. dans lequel Tdta- 

pe de mesure comprend I'^tape dans laquelle on io 
oriente les radios de controle de perfonnances (66) 
sur les canaux de communications non utilises. 

5. Proc6d6 selon la revendication 1 , dans iequel I'^ta- 

pe de rdglage du dispositif (62) de linearisation is 
d'amplificateur comprend I'^tape de r^glage d'6l6- 
ments (72, 74) de r^glage de gain et de phase en 
utilisant les niveaux des signaux des produits d'in- 
temnodulation mesur6s aux frequences calcul6es 
de ces produits. 20 

6. Proc^de selon la revendication 1 , comprenant I'dta- 
pe additionneile dans laquelle : 

on revolt une Infomriation indiquant si un canal 25 
de communication est en cours ^utilisation 
pour la transmission de signaux. 

7. Proc6d6 selon ia revendication 1 , dans lequei i'6ta- 

pe de r^glage du dispositif (62) de linearisation 30 
d'amplificateur comprend l'6tape de r6glage d*6l6- 
ments (72, 74) de rdglage de gain et de phase en 
utilisant ies niveaux de signaux des produits d'inter* 
modulation qui sont mesur^s. 
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